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38a Sunday, February 8, 2015that TRPM8 channel deactivation is well described by a double exponential
time course. The fast and slow deactivation processes are temperature-
dependent with enthalpy changes of 27.2 kcalmol-1 and 30.8 kcalmol-1. The
overall Q10 for the closing reaction is about 33. A three-tiered allosteric model
containing four voltage sensors and four temperature sensors can account for
the complex deactivation kinetics and coupling between voltage and tempera-
ture sensor activation and channel opening.
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Testosterone is a key steroid hormone in the development of male reproductive
tissues and in the regulation of the central nervous system. Rapid signaling
mechanism induced by testosterone affects numerous behavioral traits,
including sexual behavior, aggressiveness, or fear conditioning. However,
currently identified testosterone receptor(s) are not believed to underlie the
fast signaling. Here we report that an ion channel from the transient receptor
potential family, TRPM8, commonly known as the cold and menthol receptor
is the major component of testosterone-induced rapid actions.
TRPM8 is highly expressed in the prostate epithelial cells. Using an immuno-
histochemistry approach, we detected a colocalization pattern of TRPM8 with
endogenous androgens on human prostate tissues obtained from healthy indi-
viduals and patients with prostate cancer. Co-immunoprecipitation experiments
performed on cultured prostate epithelial cells, prostate cancer cells, and HEK-
293 cells stably expressing TRPM8, further confirmed direct binding of testos-
terone to TRPM8.
Using cultured and primary cell lines and the purified TRPM8 protein we
demonstrate that testosterone can directly activate TRPM8 channel at low
picomolar range. Specifically, testosterone induced TRPM8 responses in pri-
mary human prostate cells, prostate cancer cells PC3, dorsal root ganglion
(DRG) neurons, and hippocampus neurons. Picomolar concentrations of
testosterone resulted in full openings of the purified TRPM8 channel in planar
lipid bilayers. Furthermore, acute applications of testosterone on human skin
elicited cooling sensation, implying testosterone-induced activation of
TRPM8. Additionally, animal studies showed altered sniffing behavior and
increased blood concentration of testosterone in the TRPM8 knockout mice,
suggesting the existence of a feedback loop mechanism in the absence of
the receptor. Our data demonstrate that testosterone is an endogenous and
highly potent agonist of TRPM8, suggesting a role of TRPM8 channels
well beyond their well-established function in somatosensory neurons. This
discovery may further imply TRPM8 channel function in testosterone-
dependent behavioral traits.Platform: Protein Lipid Interactions I
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Pulmonary lung surfactant protein B (SP-B) is a 79 residue hydrophobic pro-
tein, from the Saposin superfamily. Saposin super family proteins share
common features including 3 intra-chain disulfide bonds and 4-5 helical re-
gions. SP-B appears to carry out its essential functions in respiration by
binding to and modifying the structures of phospholipid bilayers and mono-
layers at the air-water interface. Due to difficulties arising from SP-B’s
extreme hydrophobicity, the 3D structure of full SP-B is not yet known.
Thus we are using computational methods in combination with solid-state
NMR to investigate the structure of SP-B. Our approach is to generate candi-
date structures via computational methods, predict the 15N spectra for the
computed configurations and then compare them to the experimental NMR
spectra.
For the computational studies, we employ Mini-b, a construct of SP-B with
known structure, and add the rest of residues to make a full length SP-B. We
use several positions of SP-B in a POPC bilayer as initial structures. Calcula-
tions are carried out using GROMACS, with OPLS-aa, an all-atom force field,
as well as with PACE, a hybrid model force field. Simulation methods includeMolecular Dynamics (MD) and Replica Exchange Molecular Dynamics
(REMD). For the experimental part, we use recombinantly expressed 15N
labeled SP-B in mechanically oriented POPC bilayers to collect 1D 15N
solid-state NMR spectra.
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Integral membrane proteins (IMPs) play crucial roles in all cells and represent
attractive pharmacological targets. However, functional and structural studies
of IMPs are hindered by their hydrophobic nature and the fact that they are
generally unstable following extraction from their native membrane environ-
ment using detergents. Here, we devised a general strategy for in vivo solubi-
lization of IMPs in a functional conformation without the need for detergents or
mutations to the IMP itself. This technique, called SIMPLEx (solubilization of
IMPs with high levels of expression), involves creating fusions between
an IMP target and truncated apolipoprotein A-I, which serves as an amphi-
pathic proteic ‘‘shield’’ that sequesters the IMP from water and promotes its
solubilization.
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Rhodopsin, the mammalian dim light photoreceptor, is the most well-
characterized structural model of a G protein-coupled receptor (GPCR). Pho-
toisomerization of its covalently bound chromophore, retinal, triggers
rhodopsin activation. Spectroscopic studies of rhodopsin in the dark [1] and
Meta I [2] states have definitively shown that the C9- and C13-methyl
groups of retinal are oriented towards the extracellular side of the protein.
However, the structures of the active Meta II state [3] and a constitutively
active triple mutant [4] had a 180 rotation along the long-axis of the retinal
polyene chain, leading to an orientation of the C9- and C13-methyl groups
towards the cytoplasmic side of the protein. The biophysical significance of
this potential flip and its role in the structural transition during activation is
still unknown. We employed molecular dynamics simulations to determine
the role of the retinal flip in rhodopsin activation. Rhodopsin was modeled
starting with the Meta II crystal structure but in the Meta I protonation state,
to favor a deactivation transition. Surprisingly, two of our four simulations
produce a reverse flip of the polyene chain on the microsecond timescale.
This flip is accompanied by the rotation of the Trp265 side chain, which is
implicated in a ‘‘transmission switch’’ common to GPCR activation. A
decrease of water within the retinal binding pocket is also observed, along
with distinct protein hydration features concurrent with the flipping of retinal.
These results provide a bridge between spectroscopic and crystallographic
studies, showing that it is possible for a retinal flip to occur from Meta I to
Meta II state. [1] Salgado (2004) Biochemistry 43:12819; [2] Salgado
(2006) JACS 128:11067; [3] Choe (2011) Nature 471:651; [4] Deupi (2012)
PNAS 109:119.
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HIV enters human T cells through the fusion of viral and host-cell mem-
branes. This fusion process is mediated by a surface protein, gp41, and the
platform provided by the cholesterol-rich viral membrane. The membrane
proximal ectodomain region (MPER) of gp41 plays a critical role in this
fusion process and is a major target of anti-gp41 antibodies and vaccine
design. Here, EPR and NMR techniques were used to define MPER structure
on the membrane, and how neutralizing anti-gp41 antibodies recognize their
membrane-immersed epitopes and disrupt a hinge-related function of the
MPER. The analyses of several HIV-1 clade B and clade C MPERs revealed
a structurally conserved pair of helices immersed in the viral membrane
separated by a flexible hinge, which include critical helix capping residues.
Double alanine mutations of the capping residues result in an altered
hinge structure with a deeper lipid-buried MPER middle region, as well as
Sunday, February 8, 2015 39areduced viral fusion and infectivity. Furthermore, neutralizing anti-gp41
antibodies disrupt the MPER hinge function by perturbing MPER hinge orien-
tation, and/or extracting part of the MPER from the membrane. The interac-
tion can be a stepwise rearrangement through an apparent scoop-like
movement of the antibodies’ long and unique CDRH3 segments. Mutations
of the CDRH3 segments reduced the ability of the antibodies to extract
MPER residues from the membrane, without affecting peptide binding in
solution. In addition, MPER-membrane interaction and antibody binding are
modulated by lipid composition and cholesterol content. These findings
have revealed important features of gp41-antibody interaction at the viral
membrane interface.
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Understanding G-protein-coupled receptor (GPCR) activation plays a crucial
role in the development of novel improved molecular drugs. During
photoactivation, the retinal chromophore of the visual GPCR rhodopsin
isomerizes from the 11-cis conformation to the all-trans conformation,
yielding an equilibrium between inactive Meta-I and active Meta-II states
[1]. The principal goals of this work are to address whether the activation
of rhodopsin leads to a single state or a conformational ensemble, and
how the protein organizational structure changes with the detergent environ-
ment. We used small-angle neutron scattering (SANS) and small-angle
X-ray scattering (SAXS) to answer the above questions. Both SANS and
SAXS are powerful techniques to study the macromolecular structures
in solution within the length scale from angstroms to several nanometers.
In our experiments, rhodopsin is solubilized in CHAPS detergent, which
favors the inactive Meta-I state. By contrast, dodecylmaltoside (DDM) deter-
gent stabilizes the active Meta-II state [2]. Notably SANS with contrast-
variation enables the separate study of the protein structure within the
detergent assembly [3], and suggests a looser structure of rhodopsin in
DDM versus CHAPS micelles. Such results are consistent with the SAXS
data fitted by either a core-shell ellipsoid or core-shell cylindrical model,
describing a monolayer of detergent molecules surrounding the rhodopsin
molecule. Moreover, the SAXS experiments with different rhodopsin to deter-
gent ratios delineate the role of the detergent in stabilization of the protein in
solution. Our combined approach of SANS and SAXS studies reveals the
protein structural changes associated with GPCR activation in the case of
visual rhodopsin.
[1] A. V. Struts et al. (2011) PNAS 108, 8263-8268.
[2] A. V. Struts et al. (2014) Meth. Mol. Biol. in press.
[3] R. K. Le et al. (2014) Arch. Biochem. Biophys. 550-551, 50-57.
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Experimental determination of the free energy of membrane protein oligomer-
ization in lipid bilayers is difficult. There are few membrane protein systems
that allow for this equilibrium measurement, and for strong complexes, the
amount of dilution necessary to observe dissociation often obscures experi-
mental detection. We have devised a new model system for measuring equilib-
rium dimerization in membranes, using the homodimeric CLC-ec1 Cl-/Hþ
antiporter. A mutated version of CLC-ec1 that bears a single tryptophan substi-
tution on the dimerization interface (CLC-W) shifts the protein to the mono-
meric state in detergent micelles. We quantitatively labelled CLC-W with
Cy3 or Cy5 fluorophore and reconstituted the protein into 2:1 POPE/POPG
lipids. Then, we measured macroscopic Fo¨rster resonance energy transfer
(FRET) in large membranes to assess CLC-W dimerization. Mixing CLC-W-
Cy3 and CLC-W-Cy5 in detergent before reconstitution, or fusing CLC-W-
Cy3 liposomes with CLC-W-Cy5 liposomes yields a FRET signal indicativeof dimer formation and equilibrium exchange. We also confirmed that the pro-
tein was folded, by measuring Cl- transport function. We then investigated
dissociation of CLC-W by ‘‘traditional’’ dilution in membranes. Since wild-
type CLC-ec1 does not undergo dimer exchange, we used CLC-ec1-Cy3 mixed
with CLC-ec1-Cy5 to determine the ‘‘all-monomer’’ background signal, and
co-labelled CLC-ec1-Cy3/Cy5 to determine the ‘‘all-dimer’’ FRET signal,
at various Cy3:Cy5 labeling ratios and protein:lipid densities. With this,
we observe that CLC-W begins to dissociate at a density of 1 protein per
300,000 lipids. At densities below 1 protein per 650,000 lipids, macroscopic
FRET is obscured by background scattering and so we turn to single-
molecule fluorescence microscopy to measure CLC-W stoichiometry by fluo-
rophore photo-bleaching. These studies demonstrate that we have pushed the
observable limit of this reaction, expanding our ability to measure the free
energy of membrane protein assembly in lipid bilayers.
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FtsB and FtsL are two essential integral membrane proteins of the bacterial
division complex or ‘divisome’, both characterized by a single transmembrane
helix and a juxta-membrane coiled coil domain. The two domains are important
for the association of FtsB and FtsL, a key event for their recruitment to the
divisome that in turn enables recruitment of the late divisomal components
and subsequent completion of the division process. We have previously estab-
lished that the transmembrane domain of FtsB self-associates in Escherichia
coli membranes using a biological assay in vivo (Biochemistry 2013, vol. 52
pp. 2574-85). We hypothesized that the FtsB dimer forms a core for the lateral
association of FtsL, leading to the the assembly of a higher-order oligomeric
FtsB-FtsL complex. Here we present a biophysical analysis performed in vitro
that further supports this hypothesis. Using FRET, we have measured the asso-
ciation of fluorophore-labeled transmembrane domains of FtsB and FtsL in
both detergent and lipid. Our findings demonstrate that these helices form a
very stable higher-order oligomeric complex with a 1:1 FtsB:FtsL stoichiom-
etry in isolation. The data also suggest that the transmembrane component is
likely to be a major contributor to the stability of the FtsB-FtsL complex.
We also present a design strategy to further elucidate the oligomeric state of
this complex using single molecule fluorescence microscopy.
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Coagulation Factor VIII (FVIII) is a blood plasma protein expressed as five
domains denoted as A1, A2, A3, C1 and C2 that exist as a non-covalently
bound heterodimer of a light (A3, C1, C2) and heavy (A1, A2) chain with a
combined molecular mass of ~170 kDa. FVIII is activated by thrombin to
FVIIIa, which is the cofactor to the serine protease Factor IXa (FIXa) within
the membrane-bound Tenase complex that assembles on the activated platelets’
surface during the propagation phase of coagulation. FVIIIa is a heterotrimer,
due to an additional cleavage between the A1 and A2 domains.
Although the function of FVIII has been well characterized, little is known
about its membrane-bound structure and mechanism of the Tenase complex
assembly. To fill this knowledge gap, we have engineered negatively charged
lipid nanotubes (LNT) that resemble the activated platelet surface and on
which FVIII and FVIIIa can be helically organized. The helically organized
FVIII-LNT and FVIIIa-LNT were further subjected to structural analysis by
Cryo-electron microscopy (Cryo-EM) to elucidate the structural basis of
FVIII activation and function. To achieve this, we carried out helical recon-
struction with the iterative real space helical reconstruction algorithm
(IHRSR). Our results show that membrane-bound FVIII forms dimers that
associate tightly through heavy chain - heavy chain interactions. These interac-
tions involve the A1 and A2 domains surface that don’t overlap with the A2-A3
interface containing the FVIIIa binding sites to FIXa. We therefore propose
that membrane-induced dimerization of FVIII is required to stabilize its
membrane-bound conformation and facilitate its interaction with FIXa. The
resulting model of a binary Tenase complex would therefore consist of
two molecules of FIXa and two molecules of FVIIIa, which fits its function
in coagulation: increasing of more than a 100,000 fold the FIXa proteolytic
activity.
